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Low- (L) and high-yielding (H) variants of A/sw/NJ/11/76 influenza virus were compared for their growth properties in
embryonated chicken eggs and MDCK cells and for their binding affinity for the membrane fractions prepared from cells of
the chicken embryo allantoic membrane, MDCK, and swine tracheal cells, as well as for soluble sialic acid containing
macromolecules and monovalent sialosides. We have shown, that during infection in MDCK cells and in eggs, the progeny
of the L variant remain predominantly cell associated, in contrast to those of H. As a result, accumulation of the L mutant
in allantoic or culture fluid is significantly slowed in comparison with the H variant. Visualization of the infectious foci formed
by the viruses in MDCK cell monolayers and on the allantoic membrane revealed that L spreads predominantly from cell to
cell, while the spread of H involves release of the virus progeny into solution and its rapid distribution over the cell monolayer
via convectional flow of the liquid. In the binding assays, L displayed significantly higher binding affinity than H for cellular
membranes, gangliosides, and sialylglycoproteins, however, the affinity of the variants for the monovalent sialic acid
compounds was comparable. Unlike H, L bound strongly to dextran sulfate. The data obtained suggest that all distinctions
of the L and H biological phenotypes reported previously [Kilbourne, E. D., Taylor, A. H., Whitaker, C. W., Sahai, R., and Caton,
A. (1988) Hemagglutinin polymorphism as the basis for low-and high-yield phenotypes of swine influenza virus. Proc. Natl.
Acad. Sci. USA 85, 7782–7785] could be rationally explained by a more avid binding of the L variant to the surface of target
cells, and that this effect is mainly due to enhanced electrostatic interactions. © 1998 Academic Press
INTRODUCTION
Influenza virus attachment to target cells is mediated
by the interaction of viral hemagglutinin (HA) with sialic
acid-containing cell-surface receptor molecules. Sub-
stantial type, subtype, and strain variation of the HA
takes place in nature, and it is well known that virus
strains may differ significantly in their affinity and spec-
ificity for natural sialylglycoproteins and glycolipids (re-
viewed by Paulson, 1985; Wiley and Skehel, 1987; Suzuki,
1994). Numerous experimental data suggest that interre-
lationship may exist between receptor-binding proper-
ties of influenza viruses and their host range, tissue
tropism, virulence, mitogenic activity, immunogenicity,
and other important biological characteristics [see re-
views by Paulson (1985), Robertson (1993), Herrler et al.
(1995) and also Eisenlohr et al. (1987); Philpott et al.
(1990); Autay and Schulze (1991); Connor et al. (1994);
Rott and Cash (1994); Alluwaimi et al. (1994); Leigh et al.
(1995); Hardy et al. (1995); Matrosovich et al. (1997) and
references therein].
A striking influence of HA polymorphism upon the
virus biological properties was demonstrated in the
studies of Kilbourne and co-workers (Kilbourne, 1978;
Kilbourne et al., 1979, 1981, 1988b, Both et al., 1983).
They showed that field isolates of swine influenza
viruses from pigs, turkeys, and humans contained an-
tigenically distinguishable subpopulations that dif-
fered significantly in their replicative characteristics in
different hosts. Thus, the cloned L variant of A/sw/New
Jersey/11/76, which appeared to predominate in natu-
ral infection of swine, was low yielding in chicken
embryos (CE) and produced small clear plaques in
MDCK cells. H variants of A/sw/NJ/11/76 had the op-
posite characteristics; they were high yielding in CE
and produced large turbid plaques in MDCK cultures.
At the same time, much higher doses of H variant were
required to infect pigs than was the case with L virus,
indicative that the latter is more infectious for swine.
Furthermore, during the course of experimental infec-
tions of swine inoculated with the H variant, the L
variant generally predominated at the end of the in-
fection (Kilbourne et al., 1988a). In contrast, reversion
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of L to H virus was commonly observed in culture
systems that favor the replication of H mutants.
Genetic reassortment demonstrated that differences
between the variants were mediated through mutation in
the hemagglutinin gene, as segregation of the L and H
HA gene in recombinants in which all other genes were
derived from the human virus A/PR/8/34 resulted in pres-
ervation of the L and H characteristics of the wild-type
mutants ((Kilbourne, 1978; Kilbourne et al., 1979). Partial
sequencing of the HA of recombinant viruses revealed
that the genetic basis of the two phenotypes could in-
volve amino acid substitutions in the vicinity of the re-
ceptor-binding site (RBS) at positions 156 or/and 158 of
the HA (Both et al., 1983; Kilbourne et al., 1988b). It was
suggested, therefore, that biological phenotypes of the L
and H viruses are related to possible differences in their
affinity for cellular receptors. However, this suggestion
has not been proved experimentally and detailed mech-
anism(s) by which the differences in the HA affect repli-
cation of L and H mutants in different hosts have not
been defined.
In the present study, we compared the wild-type L
and H variants of A/sw/NJ/11/76 virus for their growth
properties in CE and MDCK cells and for their binding
affinity for the membrane fractions prepared from cells
of the chicken embryo allantoic membrane, MDCK,
and swine tracheal cells, as well as for soluble sialic
acid containing macromolecules and monovalent
sialosides. The data obtained reveal that distinctions
of the L and H phenotypes reported previously are
likely explained by a tighter binding of the L variant to
the surface of susceptible cells due to increased elec-
trostatic interactions.
RESULTS AND DISCUSSION
L and H variants differ in their release from infected
MDCK and CAM cells
One of the main phenotypic differences between L and
H variants is a much lower yield of L in embryonated
eggs and in MDCK cell cultures (Kilbourne, 1988). In our
hands, infections of MDCK cells and of CE reproducibly
produced 40- to 200-fold higher yield of H in the culture
and allantoic fluid, respectively, as judged by hemagglu-
tination assay and by titration of infectivity.
To investigate possible reasons for the different yields
of L and H, single cycles of virus growth in MDCK cells
were studied. The cultures were inoculated with equal
high doses of L or H to produce infection in about 20% of
the cells in the monolayer, the input virus was washed
off, and the cultures were maintained in medium without
trypsin to avoid further growth cycles. Four replicate
cultures per virus were stained for the infected cells 16 h
postinfection as described in Materials and Methods.
This control revealed that the same amounts of cells
were infected by L and H (about 20%), and no foci of
infected cells were present in either culture, indicating
that multicycle infection did not occur. At different times,
progeny virus, separately in culture fluid, cellular debris
and intact cell monolayer, was activated by trypsin and
titrated for virus infectivity.
As shown in the Fig. 1, L and H were found to differ
markedly in the distribution of their progeny between
infected cells and the cultural fluid. In the case of H, most
of the virus produced in the one cycle of infection is
released into the culture medium by 16 h postinfection,
and less than 10% remains associated with the cells. The
amount of cell-associated virus continues to decline dur-
FIG. 1. Progeny virus present in culture fluid (thick line), cells in monolayer (broken line), and cellular debris (dotted line) during the single cycle
infection of MDCK cells with L and H variants of A/NJ/11/76. At the times indicated, the cultures were harvested, the progeny viruses were activated
by trypsin and titrated in MDCK cells. Virus yields are given in infectious units (I.U.) per culture flask. The additive curves for the total virus yield are
represented as thin solid lines.
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ing further incubation. Fifty and 66 h postinfection, a drop
in the infectivity in the fluid is detected as a result of virus
inactivation. In contrast to H, the major part of the L virus
mature infectious progeny is associated with the cells at
16 to 24 h postinfection. During further incubation, the
virus is partially released into the culture medium, how-
ever, even after 66 h, about half of it is still associated
with the cells in monolayer and with the detached cells
and the debris. Because the cumulative yields of mature
L and H in cells, debris, and cultural fluid are compara-
ble, the difference in their ‘‘low-yielding’’ and ‘‘high-yield-
ing’’ phenotypes (Kilbourne, 1988) is not explained as the
result of difference in virus production in MDCK cells. It
appears that poor release of L virus from the cells limits
accumulation of its progeny in harvests of the culture
fluid.
To assess whether this effect could be operative for
virus infection in embryonated eggs, virus growth in
CE was studied (Table 1). At 15 h postinfection, there
is no significant difference in distribution of L and H
between the AF and CAM, both viruses are predomi-
nantly CAM-associated. Twenty-four hours postinfec-
tion and later there is a clear difference in the pre-
dominant localization of the progeny of L and H con-
sistent with the effects observed in MDCK cells. Thus,
similar to single-cycle infection in MDCK, the low-
yielding phenotype of L in the multicycle infection in
eggs can be explained, at least partially, by a poor
release of the mature virus from the cells. However,
unlike the case with MDCK cultures, the total yield of
L per infected egg 48 h postinfection is more than
10-fold lower compared with that of H. To explain this
effect, it could be suggested that a tight association of
the L progeny with the CAM slows down virus spread
in a multicycle infectious process. Furthermore, as
revealed in experiments in MDCK cultures, substantial
amount of L in the allantoic fluid can be bound to
cellular debris. Indeed, clarification of the allantoic
fluid harvests of L by low-speed centrifugation gener-
ally removed about 90% of the infectious L virus and
had little if any effect on the harvests of H (data not
shown). Association with the particulate debris can
create an additional barrier for the spread of L during
the infection in ovo.
Foci of L and H in MDCK cell cultures and on CAM
To check for possible differences in the spread of L
and H viruses, foci of the infected cells produced by
the viruses in MDCK cells and on CAM of CE were
analyzed (Fig. 2). In both cell systems, the foci of L are
small, round-shaped and reveal no gaps of nonin-
fected cells between the stained cells surrounding the
center of the focus. These features of the foci suggest
that the L virus progeny spreads directly from cell to
cell. In contrast, H produces large bell-shaped foci,
which are denser at the putative initial point of the
infection and bear gaps of noninfected cells inside the
focus and, especially, at its distal end. In the MDCK
cell cultures, the distal ends of the foci of H were
always oriented toward the walls of the microplate
well. These shape and appearance of H foci appear to
indicate, that a ‘‘cloud’’ of infectious progeny H virus is
released into the culture medium and flows over the
cell monolayer due to convectional movement of the
liquid. As can be judged from the relative size of the
foci, the spread of L infection is much slower com-
pared with H.
L binds to cellular membranes with a higher affinity
than H
To investigate possible reasons for the different re-
lease of L and H from infected cells, the binding of the
viruses to the cell-surface membranes of several target
cells was studied. Membrane preparations isolated from
MDCK, CAM and swine tracheal epithelial cells and also
total gangliosides of CAM were adsorbed to the wells of
plastic microplates and the binding of the viruses to
these coatings in dependence on the virus concentration
was measured (Fig. 3). The data presented show that L
binds significantly better than H to gangliosides and to
all preparations of cellular membranes tested. Analysis
of the binding curves in quantitative terms (Table 2)
reveals that the affinity of L for the cell-surface compo-
nents of MDCK and CAM is about 10-fold higher com-
pared with H. The difference in affinity of L and H is
especially high in the case of swine tracheal epithelial
membranes. In fact, no binding of H to these prepara-
tions could be measured in the concentration range
tested. A much lower affinity of H toward the swine
respiratory cells could provide the explanation for the
previous finding of substantially lower infectivity of H
compared with L during experimental infection in swine
(Kilbourne et al., 1979, 1988a). The results presented in
Fig. 3 and Table 2 suggest that L differs from H by a
much more firm attachment to the surface of target cells.
TABLE 1
Virus Yields in Allantoic Fluid and CAM after Infection
with L and H Virusesa
Time after
inoculation (h)
L H
AF CAM AF CAM
15 0.2 2 0.5 2
24 3 300 300 30
31 10 600 1500 60
48 50 500 .5000 1200
a Embryonated chicken eggs were inoculated into the allantoic cavity
with 103EID50 of L and H, and the virus yields (10
6 I.U. per egg) in
allantoic fluid (AF) and CAM were assayed at different times post
infection as described in Materials and Methods.
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This feature of L can be responsible for its poor release
from the cells after budding.
In principle, the different binding of L and H to cellular
membranes could be explained, at least partially, by a
higher enzymatic activity of the neuraminidase (NA) of
the H virus. In that case, a faster destruction of the
cellular sialo-sugar determinants could facilitate disso-
ciation of the virus from substrate and lower the apparent
binding affinity of the virus. However, studies with single
gene reassortants sharing the same NA (Kilbourne, 1978;
Kilbourne et al., 1979) indicated that the low- and high-
yielding phenotypes of swine H1N1 isolates are associ-
ated with mutations in the HA. Furthermore, direct com-
parison of the enzymatic activity of the L and H mutants
with a fetuin substrate reveals no differences in activity,
(data not shown), reinforcing the conclusion that the HA
is the definitive mediator of the binding affinity differ-
ences of the mutants.
Comparison of the receptor-binding characteristics
of L and H
To characterize receptor-binding properties of L and H
in more detail, binding of various soluble sialic acid-
containing receptor analogs by the viruses was tested.
As shown in the Table 3, L reveals at least an order of
magnitude higher binding affinity for all sialylglycopro-
teins and for the synthetic sialylglycopolymer. At the
FIG. 2. Foci of L (right) and H (left) in monolayers of MDCK cells 16 h postinfection (A; magnification 320) and on the chorio-allantoic membrane
of embryonated chicken eggs 24 h postinfection (B and C; magnification 36 and 340, respectively) revealed by staining of infected cells as described
in Materials and Methods. Boxed areas on (B) are enlarged on (C).
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same time, L does not bind any of the monovalent sialic
acid compounds (free Neu5Ac, methyl H- and benzyl
sialosides, 39 SL and 69 SL) better than does H. It can be
concluded on this basis that a higher affinity of L for the
macromolecular receptor analogs is not due to enhance-
ment of its specific interactions with their sialo-sugar
determinants.
Because a common property of the sialylglycoproteins
is their strong negative charge, we tested L and H for
their binding of dextran sulfate, a polyanion without sialic
acid residues. Remarkably, a rather strong binding of
dextran sulfate by L was observed, while H did not bind
this compound at the highest concentration tested. Thus,
the high affinity of L for the polyvalent receptor analogs,
as well as for cellular membranes and gangliosides in
monolayer (see Table 2), appears to result from the
significant contribution of favorable electrostatic interac-
tions, which are likely absent or substantially lowered in
the case of H. This difference between L and H in the
binding of polyanions could indicate that the globular
head of the HA of L variant has a more positive average
or local charge compared with H. Partial sequencing of
recombinant low- and high-yielding viruses bearing the
variants of A/NJ/11/76 HA suggested that mutations
156Gly3Glu and/or 158Gly3Glu might be involved in
the switch from the L phenotype to H one (Both et al.,
1983; Kilbourne et al., 1988b). Preliminary sequencing
data on HAs of L and H wild-type A/NJ/11/76 mutants
FIG. 3. Binding of L and H to preparations of cellular membranes of CAM (triangles), MDCK (closed circles), and swine tracheal epithelium (STC)
(stars) and to total CAM gangliosides (pluses). The binding was assessed in the microwell adsorption assay as described in the Methods section.
A492 represents absorbency of the colored product of peroxidase reaction and reflect amount of the virus bound. The similarity of the curves for
nonspecific physical binding of L and H to the noncoated plastic (open circles) (positive control) indicates that the concentrations of physical virus
particles in the suspensions of L and H are equal.
TABLE 2
Binding of L and H Viruses to Preparations of Cellular Membranes
of CAM, MDCK, STC, and Total CAM Gangliosides in the Microwell
Adsorption Assay (Kaff, HA titre)
a
Virus CAM MDCK STC
CAM
gangliosides
L 13 20 20 20
H 100 200 .1000 200
a The binding affinities were calculated from the binding data repre-
sented in Fig. 3 after their conversion to Scatchard plots as described
in Materials and Methods. Kaff is formally equivalent to the dissociation
constant of the virus/receptor complex; a higher value of Kaff corre-
sponds to a lower binding affinity.
TABLE 3
Binding of Soluble Receptor Analogs by L and H Virusesa
Compound
Binding affinity constant
(Kaff, mM Neu5Ac)
L H
a-N-acetylneuraminic acid .4 1
39 sialyllactose 5 0.5
69 sialyllactose .5 3
Methyl sialoside 50 15
Benzyl sialoside .5 4
P-BGNb 0.002 0.02
Fetuin 0.003 0.07
Equine a2-macroglobulin 0.00003 0.0015
Swine tracheal mucin 0.002 0.02
Ovomucoidc X 20X
Dextran sulfate (mg/ml) 0.005 .2
a The binding was assayed and the binding affinities were calculated
as described in Materials and Methods. Kaff is formally equivalent to
the dissociation constant of virus/receptor complex, a higher value of
Kaff corresponds to a lower binding affinity.
b Poly(acryloylglycylaminobenzylsialoside-co-acrylic acid) bearing 12
mol% of sialic acid residues (Mochalova et al., 1994)
c Concentration of the active sialylglycoprotein in the crude prepa-
ration of ovomucoid was not determined and was taken for X.
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confirm these earlier studies of the HAs in swine/PR8
reassortants by demonstrating Gly to Glu change at
position 158 (155 in the H1 numbering). Moreover, an
additional charged substitution in the H variant com-
pared with L, 144 Ala3Glu, was identified (unpublished
data). Either mutation increases the negative charge of
the HA of H variant and could lead to the enhancement
of electrostatic repulsion between the virus and the neg-
atively charged macromolecules or the cell surface and
to a decrease in the receptor-binding affinity as it is
observed in the case of wild-type H virus. At the same
time, amino acid residues in position 144 and 158 do not
appear to be close enough to the receptor-binding
pocket for the direct interactions with the sialic acid
moiety of the bound receptor (Weis et al., 1988). It is not
unexpected, therefore, that mutations at these positions
have little if any effect on the interactions of L and H with
monovalent sialosides.
In summary, this study has revealed that one possible
factor affecting the virus yield during experimental infec-
tion in tissue culture and in ovo is the affinity of the virus
particle for cell surface receptors, a higher affinity lead-
ing to a lowered release of virus from the surface of
infected cells. An excess affinity of virus for cells can be
disadvantageous under conditions of laboratory pas-
sage in which unattached virus free in the fluid phase
comprises the majority population. In this situation, the
survival and accumulation of H population is favored,
and coexisting L mutants will be overgrown. Indeed, the
revelation and maintenance of L phenotype mutants in
the laboratory passage may require neutralization of
competing, dominant or emerging H mutants with anti-
body specifically inhibitory to viruses of H phenotype
(Kilbourne, 1978; Kilbourne et al., 1988b). In laboratories
not specifically concerned with distinguishing between L
and H mutants, investigator bias toward the selection of
higher yielding virus would also favor the emergence of
H mutants. On the other hand, during the natural infec-
tion in swine the high-affinity L variant would have a
selective advantage over the H variant due to more
efficient receptor binding and cell to cell spread of L. For
example, the poorly attached H variant might be more
susceptible to early clearance from the respiratory tract
by the mucociliary system of the host. In this connection,
it is worth noting that not only is H less infective for swine
when inoculated in defined dosage but is less readily
transmitted from swine to swine, although the latter phe-
nomenon could simply reflect reduced viral replication of
H in infector animals (Kilbourne et al., 1981).
MATERIALS AND METHODS
Viruses
L- and H- variants of A/NJ/11/76 field isolates of swine
virus (H1N1) were selected in the Mount Sinai laboratory
(E.D.K) and have been described in detail in previous
reports (Kilbourne, 1978; Kilbourne et al., 1979, 1988b).
The seed viruses were stored as infectious chicken
embryo allantoic fluid at 270°C.
To prepare virus material for the binding studies, the
viruses were propagated at 1022 dilution in 10-day–old
embryonated chicken eggs. Freshly collected allantoic
fluid was treated using an MSE Soniprep 150 Ultrasonic
disintegrator fitted with 9.5-mm probe and clarified by
low-speed centrifugation. The viruses were pelleted by
high-speed centrifugation, purified by centrifugation
through 30% sucrose, resuspended in 60% glycerol-PBS
solution containing 0.02% sodium azide and stored at
220°C for up to 3 months.
Virus growth studies
Embryonated chicken eggs (CE). Ten-day–old CE were
inoculated intra-allantoically with 103 EID50 of L or H
virus and incubated at 36°C. 15, 24, 31, and 48 h after
inoculation, four eggs per sample were cooled for 1 h at
4°C, allantoic fluid (AF) and chorio-allantoic membrane
(CAM) were harvested. Each CAM was washed with cold
minimal essential medium supplemented with 100 U/ml
penicillin and 100 mg/ml streptomycin (maintenance me-
dium, MM), transferred to 8 ml MM in a glass flask, and
stored at 4°C. After the end of the growth experiment, all
samples of allantoic fluid and CAM were treated sepa-
rately for 1 min in an ice-bath using an MSE Soniprep 150
disintegrator. The virus infectivity of the preparations was
assayed in MDCK cells, and the data for each four
replicates were averaged.
MDCK cultures. MDCK cells were cultured in 10-ml flat
bottom glass vials in MM supplemented with 5% fetal calf
serum. The same medium without serum was used in the
experiments on virus infection. Viruses were inoculated
onto MDCK cells in MM (m.o.i. 5 0.2). After absorption for
1 h at 35°C, the nonadsorbed virus was washed off (3
washings with MM), 2 ml fresh MM were added, and the
incubation was continued for various times. The culture
fluid was harvested (4 replicate cultures), centrifuged at
2000 g for 10 min and sedimented cellular debris was
resuspended in the same volume of MM. The cell mono-
layers were rinsed in MM and overlaid with 2 ml fresh MM.
Samples of culture fluids, debris, and cells were stored
frozen at 220°C. At the end of the growth experiment, the
preparations were thawed and treated separately by ultra-
sound as described above. Trypsin (B grade, Calbiochem)
was added to all virus preparations to a final concentration
20 mg/ml for proteolytic activation of the viruses. After in-
cubation with trypsin for 1 h at 37°C, the materials were
assayed for infectivity in MDCK cells. To ensure that the
cultures were infected by L and H at the same multiplicity,
four replicate cultures were harvested 16 h after inoculation
and checked for the percent of infected cells in the mono-
layer by fetuin-peroxidase staining as described below.
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Assay of virus infectivity
The assay used was based on the previously de-
scribed method of titration of influenza viruses in MDCK
cells in 96-well microplates and detection of foci of in-
fected cells by immunoperoxidase staining (Okuno et al.,
1990). We modified this method by excluding trypsin and
tragacanth gum from the overlay medium and by using
peroxidase-labeled fetuin instead of labeled antibodies
for the staining. In brief, 0.15 ml of fivefold serial dilutions
of virus samples in MM were inoculated onto monolay-
ers of MDCK cells in 96-well flat-bottom plates. After
incubation of the plates for 14 to 16 h at 35°C in 5% CO2
atmosphere, the medium was removed, the cells were
fixed with 0.02% solution of glutaraldehyde in PBS for 30
min and washed with PBS. Fetuin-horseradish peroxi-
dase conjugate was prepared as described before
(Gambaryan and Matrosovich, 1992). After this, 0.05 ml
per well of working dilution of the conjugate in PBS
supplemented with 0.01% Tween 20 (PBST) was added,
the plates were incubated for 1 h at 4°C and washed by
PBST. The fetuin-HRP conjugate bound to the virus hem-
agglutinin expressed on infected cells was visualized by
incubation with 0.05 ml of substrate solution per well
(0.05% 3-amino-9-ethylcarbazole, 0.01% H2O2 in 0.05 M
sodium acetate buffer, pH 5.5) for 20 to 30 min. Stained
cells were counted under an inverted microscope. The
virus content in the samples was expressed in infectious
units (I.U.), i.e., doses of the virus that caused infection of
one MDCK cell in the assay conditions.
To visualize foci of infected MDCK cells produced by
multicycle virus infection, the same assay was used with
the addition of 5 mg/ml trypsin in the overlay medium.
Foci of virus infection on CAM
Twelve-day–old CE were inoculated intra-allantoically
with various dilutions of L or H virus and incubated at
37°C for 24 h. The eggs were chilled for 30 min in an
ice-bath and deembryonated via the albumen end. Dur-
ing all subsequent procedures care was taken not to
separate CAMs from the eggshells. The CAMs were
rinsed several times with cold PBS, and the residual
blood from cut vessels was allowed to drain on a wetted
filter paper via the open end of the egg. The egg shells
with attached CAMs were then filled with cold 5% For-
malin in PBS and incubated with this solution for 2 h at
4°C. After several washings, the eggs were cut into two
halves. Using these half-egg bits as reaction vessels, the
CAM cells were treated with solution of 0.15% H2O2 in
PBS for 12 h at 4°C to block the endogenous peroxidase
followed by thorough washing with PBS and staining for
the presence of virus antigen by immunoperoxidase
method described before (Mochalova et al., 1994). Foci of
infected cells were observed microscopically in reflected
light.
Cell membranes and CAM gangliosides
MDCK cells were grown to confluence, washed with
MM, scraped from the glass support by a rubber spatula,
and washed 3 times in ice-cold washing buffer (TSE, 10
mM Tris, 0.15 M NaCl, 0.5 mM EDTA, pH 7.2) for 3 min at
2000 g.
Chorio-allantoic membranes from 12-day–old embryo-
nated chicken eggs were treated in a Dounce homoge-
nizer with a 0.5 mm clearance, as a result, epithelial cells
were scratched off in pieces. The cells were washed in
TSE and resuspended in 50% percoll solution in TSE.
After centrifugation for 5 min at 10,000 g, the layer of
epithelial cells at the top of the percoll solution was
removed, the bottom fractions containing red blood cells
(RBCs) were discarded. The procedure was repeated
until no visible admixtures of RBCs were present. The
CAM cells were finally washed from percoll in TSE.
Swine trachea epithelial cells (STC) were prepared as
described by Ishikawa and Isayama (1987).
Membranes were prepared from MDCK, CAM, and
STC cells by hypotonic shock and subsequent homoge-
nization. The cells were suspended in an ice-cold lysis
buffer [0.01 M Tris, pH 7.2, 1 mM phenylmethylsulfonyl
fluoride (PMSF)] and incubated for 10 min at 4°C. They
were next disrupted in a standard Dounce homogenizer.
Nuclei and cellular debris were removed by centrifuga-
tion at 1000 g for 1 min and cell membranes were
pelleted at 40,000 g for 1.5 h. Membrane pellets were
resuspended in TSE containing 2 mM PMSF, dispersed
by ultrasound treatment for 2 min with cooling on an
ice-bath (MSE Soniprep 150), and were stored frozen in
aliquots at 220°C.
Total gangliosides of 12-day–old normal CAM were
extracted as described for the preparation of the human
placenta gangliosides (Taki et al., 1988).
Virus binding to cellular membranes and CAM
gangliosides
The virus binding to membranes and gangliosides
was assayed using the microplate absorption method
(Matrosovich et al., 1996). In brief, 0.05 ml of fetuin or
membrane preparations suspended in PBS (final con-
centration, 10 mg/ml of total protein) were incubated in
the wells of the EIA polystrene 96-well microplates for
4 h at 4°C, followed by washing with PBS. In experiments
with gangliosides, 1 mg total CAM gangliosides in 0.05
ml methanol were added per well and the plates were
incubated for 2 h at 37°C for evaporation of methanol.
Wells of the same microplates without coating were used
for a background control.
After the coating step, 0.2 ml of 0.2% solution of BSA in
PBS (BSA-PBS) were added per well and incubated for
1 h at 37°C to block nonspecific binding of viruses to the
plastic.
The BSA solution was discarded, and 0.05 ml of serial
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twofold dilutions of the purified virus in BSA-PBS were
incubated in the wells of the plate for 2 h at 4°C. The
plates were rinsed three to four times with ice-cold
washing solution (WS: 0.2 3 PBS-0.02% Tween 80), and
further incubated with 0.05 ml/well of fetuin-HRP conju-
gate in PBS-0.02% Tween 80 for 1 h at 4°C. Unbound
conjugate was removed by six washings with WS, and
the amount of bound conjugate (reflecting the amount of
the virus present in the wells) was quantified using
o-phenylenediamine as a substrate.
As a positive control of maximal virus binding, the
nonspecific virus attachment to the plastic wells in the
assay conditions was measured. The wells without coat-
ing were used, the blocking step was omitted, and no
BSA was present in the incubation mixture, all other
steps of the assay were the same as described above.
As a background control, the wells incubated without the
virus were used in this case.
To express the binding of the viruses for different
substrates in quantitative terms, the binding data were
converted to the Scatchard plots (A492/virus hemaggluti-
nation titer vs A492, where A492 represents absorbency of
the colored product of peroxidase reaction) (Gambaryan
and Matrosovich, 1992). The binding affinity constants
(Kaff) were estimated from the slopes of these plots.
Virus binding of soluble receptor analogs
Free N-acetylneuraminic acid (Neu5Ac), 39sialyllac-
tose (3-SL, Neu5Aca2–3Galb1 to 4Glc), 69sialyllactose
(6-SL, Neu5Aca2–6Galb1–4Glc), bovine fetuin and dex-
tran sulfate (500 kDa) were purchased from Serva, Swit-
zerland. a-methyl sialoside (Neu5Ac2Me), a-benzyl sia-
loside (Neu5Ac2Bn), and poly(acryloylglycylaminoben-
zylsialoside-co-acrylic acid) (P-BGN, (Mochalova et al.,
1994)) were kindly provided by Drs. N. V. Bovin and A. B.
Tuzikov, Shemyakin Institute of Bio-Organic Chemistry,
Moscow.
Equine a2-macroglobulin and swine tracheal mucin
were prepared as described by Mochalova et al. (1994)
and by Ishikawa and Isayama (1987), respectively. Sialic
acid content in these preparations was assayed by an
acidic ninhidrin method (Yao et al., 1989). Crude hen
ovomucin was prepared by several repeated steps of
dilution of egg white in ice-cold water and resolubiliza-
tion of the precipitate in PBS.
The affinity of the influenza viruses for soluble receptor
analogs was evaluated in a competitive assay based on
inhibition of the binding by the solid-phase immobilized
virus of a standard preparation of bovine fetuin labeled
with horseradish peroxidase (Gambaryan and Matroso-
vich, 1992; Matrosovich et al., 1993). The data were
expressed in terms of binding affinity constants (Kaff)
formally equivalent to the dissociation constants of virus/
receptor analog complexes.
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